grams that are in need of enabling technologies.
Upon activation by ligand binding, virtually all GPCRs rapidly undergo deactivation or "desensitization" by a common pathway ( figure 1 ). An early step in this pathway is the binding of the cytoplasmic protein arrestin to the activated receptor at the plasma membrane. Arrestin binding turns off the GPCR, which results in the initiation of a process of internalization that brings the receptor into the cell where the ligand is removed before the receptor is recycled back to the membrane. By attaching a fluorescent label to arrestin, the recycling of the receptor-arrestin complex may be monitored. Since desensitization only occurs with an activated receptor, monitoring the redistribution of arrestin within the cell provides a method to detect the activation of any GPCR. Using human cell lines genetically engineered to express both the labeled arrestin and the GPCR of interest, one can screen for natural or synthetic ligands, whether agonists (activators) or antagonists (inhibitors). Norak's Transfluor TM technology monitors receptor activity by detecting arrestin movement in a cell. Arrestin is fused to green fluorescent protein (GFP) and is stably expressed in various cell lines. These cells can be transfected with a GPCR of interest either transiently or stably. Resting cells (figure 2) display fluorescence throughout the cytoplasm with no observable fluorescence in the nucleus. Activation of the transfected receptor induces, within seconds, a mass movement of the fluorescence to the membrane (figure 3) . With a longer 15-minute stimulation, the GFP-labeled arrestin is found to redistribute with many GPCRs into intracellular vesicles (figure 4). Depending upon the binding affinity of the ligand and receptor, the complex can dissociate quickly or form internalized vesicles. The fluorescent vesicle state is stable for hours before the live cells will revert back to the resting state. The desensitization mechanism is fully reversible allowing screening for both agonists and antagonists of GPCRs. Cells can be permanently fixed and viewed up to one month later. "The key differentiating feature of Transfluor from other such technologies is that it is universally applicable to all GPCRs, is highly quantitative, and has an extremely high signal to noise." commented Dr. Roger Blevins, Norak's CEO and President. "In addition, it is the most direct means of detecting receptor activation, and subsequent desensitization, so there are few, if any, false positives or false negatives generated during compound screening."
Now commercially available, Transfluor TM appears to offer significant advantages over other GPCR-based assays, including, compatibility with modern high-throughput screening (HTS) technology, high sensitivity for GPCR ligands (few if any false negatives), and high specificity for GPCR ligands (few if any false positives). It is apparent that this technology is universally applicable to GPCRs whether functionally known or orphan. Norak is working to identify new drugs by high throughput screening of large compound libraries using an automated Transfluor™ assay. The assay will screen both known and orphan GPCRs as well as the proteins active in the cell mechanism of receptor desensitization. Since GPCRs are well conserved throughout the plant and animal kingdom, Transfluor™ provides numerous other potential applications and related business opportunities, including veterinary medicines (i.e., animal GPCRs), agrichemical products (i.e., plant and insect GPCRs), foods, beverages and cosmetics (i.e., human sensory GPCRs), diagnostic applications (i.e., detection of GPCRbased ligands). This technology may even find a useful niche as a basis for environmental biosensors (i.e., detection of GPCR-based toxins). Figure 3 . shows the movement of GFPlabeled arrestin to the activated GPCR at the plasma membrane 1 minute after stimulation.
